••***•*********• 



* i^^ 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 



Mazdoor Kisan Shakti Sangathan 
The Right to Information, The Right to Live' 



Jawaharlal Nehru 
'Step Out From the Old to the New" 



IS 3407-2 (1983) : Method for Creep Testing of Steel at 
Elevated Temperatures, Part 2: Tensile Creep Stress Rupture 
Testing [MTD 3: Mechanical Testing of Metals 



gAIJif i::^J^^X^I f JH^aKN^j^gg^TSS^a^TTrS^ 




Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 



Bhartrhari — Nitisatakam 
''Knowledge is such a treasure which cannot be stolen'' 




a?a£im>KS^!5?f'>s^^^ 




BLANK PAGE 




.-^iiSS 




^'ISSJJ 



PROTECTED BY COPYRIGHT 



IS 1 3407 ( Part 2 » . 19B3 

/«rf/a/f Standard «-«""«'' 2°°^) 

METHOD FOR CREEP TESTrNG OF 
STEEL AT ELEVATED TEMPERATURES 

PART 2 TENSILE CHEEP STREES RUPTURE TESTING 



f First Revision ) 



UD€ <ifi9'14 : 620 17234 




© Copyright 198J 

INDIAN STANDARDS INSTITUTION 

MANAK BHAVAN, f DAllADUR SitAII ZAFAR MARG 
NEW D&UII IIOOO^ 

Gr 5 December 1983 



lSr3407(Part2).1983 

Indian Standard 

METHOD FOR CREEP TESTING OF 
STEEL AT ELEVATED TEMPERATURES 

PART 2 TENSILE CREEP STRESS RUPTURE TESTING 

( First Revision ) 

Methods of Physical Tests Sectional Committee, STvIDC 3 
Chairman Representing 

Shri p. K. Chakravarty The Tata Iron & Steel Co Ltd, Jamshedpur 

Members 

Shri R. K. Abrol Bharat Steel Tubes Ltd, Ganaur 

Shri Kanwaljit Singh Arora ( Alternate ) 
Shri Sujit Kumar Basu M. N. Dastur & Co ( P ) Ltd, Calcutta 

Shri S. Sen Gupta ( Alternate ) 
Dr a. Ghakraborty Usha Martin Black { Wire Ropes ) Ltd, Calcutta 

SHRr H. Maheswary ( Alternate ) 
Shri K. K, Cherian Indian Aluminium Co Ltd, Calcutta 

Shri Pankaj De ( Alternate ) 
Shri O. P. Chugh Associated Instrument Manufacturers* ( India ) 

Private Ltd, New Delhi 
Shri V. N. Nanda ( Alternate ) 
Dr R. p. Dambal Indian Telephone Industries Ltd, Bangalore 

Shri N, Nagaraj ( Alternate ) 
Shri M, K, Das Gupta National Physical Laboratory ( CSIR ), New 

Delhi 
Deputy Director ^ Met )-2, Ministry of Railways, New Delhi 

P.DSO, LucKNOW 
Assistant Res Officer ( Met )-2, 
RDSO, LucKNOW ( Alternate ) 
Shri D. Dutta The Indian Tube Co Ltd, Jamshedpur 

Shri C. B. Lunawat ( Alternate ) 
ShriJ. C. Erry Steel Authority of India Ltd, Bokaro Steel Ltd 

( Bokaro Steel Plant ) 
Shri K. G. Garg Directorate General of Technical Development 

and Production ( Air ), New Delhi 
Shri P. Raghothama Rao ( Alternate ) 

( Continued on page 2 ) 



© Copyright 1983 

INDIAN STANDARDS INSTITUTION 
This publication is protected under the Indian Copyright Act (XIV of 1957) and 
reproduction in whole or in part by any means except with written premission of the 
publisher shall be deemed to be an infringement of copyright under the said Act. 



IS : 3407 ( Part 2 ) - 1983 

{ Continued from page I ) 

Members Representing 

Shri a. Ghosh National Test House, Calcutta 

Shri D, S. Majumdar ( Alternate ) 
Shri S. A, Haque Tata Iron and Steel Co Ltd, Janishedpur 

SHRr A. S. Walia ( Alternate ) 
Shri S. B. Idnani Blue Star Limited, Bombay 

Shri G. S. Sobti ( Alternate ) 
Shri S. V. Kulkarni Fuel Instruments & Engineers Pvt Ltd. 

Ichalkaranji 

Shri J. V. Kulkarni ( Alternate ) 
Shri S. Kumar Mining & Allied Machinery Corporation Ltd, 

Durgapur 
Shri K. S. Lakshminarayan Avery India Ltd, Calcutta 

Shri R, D. Sharma ( Alternate ) 
Shri S. R. Mazumdar Ministry of Defence ( DGI ) 

Shri A. K. Chakroborty ( Alternate ) 
Shri R. A. Padmanabhan Central Mechanical Engineering Research 

Institute ( CSIR ), Durgapur 
Shri M. Prasad Steel Authority of India Ltd, Ranchi 

Shri N. Gopalakrishna ( Alternate ) 
Shri S. Radhakrishnan National Aeronautical Laboratory ( CSIR ), 

Bangalore 
Dr V. Srinivasan ( Alternate ) 
Dr V- Rao National Metallurgical Laboratory ( CSIR ), 

Jamshedpur 
Dr D. J. Chakravarti ( Alternate ) 
Shri R. N. Saha Directorate General of Supplies and Disposals, 

New Delhi 
Shri S. K. Pandey ( Alternate ) 
Shri D. N. Sarkar Ministry of Defence ( DGOF ) 

Shri A. R. Basu ( Alternate ) 
Shri F. C. Sharma Directorate General of Civil Aviation, New Delhi 

Shri K. Swamiappan Ministry of Defence (R&D) 

Shri H. K. Taneja Indian Register of Shipping, Bombay 

Shri V. N. Pandey ( Alternate ) 
Shri K. Raghavendran, Director General, ISI ( Ex-ajficio Member ) 

Director ( Struc & Met ) 

Secretary 

Shri S. K. Gupta 

Deputy Director ( Metals ), ISl 



IS::;3407 ( Part 2 ) - 1983 

Indian Standard 

METHOD FOR CREEP TESTING OF 
STEEL AT ELEVATED TEMPERATURES 

PART 2 TENSILE CREEP STREES RUPTURE TESTING 

( First Revision ) 

0. FOREWORD 

0.1 This Indian Standard ( First Revision ) was adopted by the Indian 
Standards Institution on 27 June 1983, after the draft finalized by the 
Methods of Physical Tests Sectional Committee had been approved by the 
Structural and Metals Division Council. 

0.2 A great variety of steels are used in service at elevated temperatures 
in chemical plants, high pressure boilers, steam turbines, internal combus- 
tion and jet engines, petroleum industries, etc. It is, therefore, essential to 
know the high temperature creep properties of such materials, for their 
efficient use and also for design purposes. The high temperature creep 
properties may be determined by the following two methods: 

a) Tensile creep testing — This test method prescribes tests for the 
determination of the creep strain of metal test samples subjected 
throughout their duration to nominally constant tensile load and 
constant temperature conditions. 

b) Tensile creep stress rupture testing — This test method prescribes 
tests for the determination of the time taken, for rupturing of the 
metal test sample, subjected throughout their duration to nomin- 
ally constant tensile load and constant temperature condition. 

0.3 This Indian Standard was first published in 1965. It has now been 
revised in light of the latest developments in the field of creep testing. 
While revising this standard, it was decided to cover the various methods 
of creep testing at high temperatures in different parts of the same standard. 
Accordingly, the methods have been covered in the following parts: 

Part 1 Tensile creep testing — covering interrupted and non interrup- 
ted creep testing at elevated temperatures 

Part 2 Tensile creep stress rupture testing— at elevated temperatures 
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0.4 With the publication of the two parts of this standard, IS : 3408- 
1965* and IS : 3409-1965t shall be withdrawn. 

0.5 In reporting the result of a test or analysis made in accordance with 
this standard, if the final value, observed or calculated, is to be rounded 
off, it shall be done in accordance with IS : 2-1960$. 



1. SCOPE 

1.1 This standard ( Part 2 ) prescribes method for the determination of 
the time required for rupturing of metal test sample subjected throughout 
their duration to nominally constant tensile load and constant temperature 
conditions, in single and multi-test sample rupture testing machines, for 
time up to 100 000 h. It defines the properties to be determined and the 
terms used in describing tests and test samples. 

1.2 This standard is applicable to un-interrupted and interrupted tests 
on test samples of circular and rectangular cross-section and on test samples 
of circular cross-section having a notch and also on test samples from 
tubes. 

1.3 The standard is applicable to the conditions of heating the test 
sample in an electric resistance or radiation furnace in air or atmosphere 
pressure; unless other media are specifically agreed upon in advance. 

1.4 This standard is not applicable for conditions of rapid heating, 
rapid strain rates or too short times. 

2. SYMBOLS 

2.1 For the purpose of this standard, following symbols shall apply: 
Symbol Description 

d Diameter of test section of test samples of circular cross- 

section and inside diameter of the tube 
D Outside diameter of tube 

Dn Diameter of the parallel portion of a notched test sample of 

circular cross-section 
dn Diameter of test sample at root of notch 



♦Method for non-interrupted creep testing of steel at elevated temperatures. 
fMethod for creep stress rupture testing of steel at elevated temperatures. 
JRules for rounding off numerical values ( revised ). 
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Symbol Description 

a Thickness of test section of test sample thickness of strip 

test sample cut from tube 

b Width of test section of test sample 

r« Notch root radius or notch angle 

Kt Elastic stress concentration factor 

r Transition radius 

Lo Original gauge length 

Lc Parallel length of notched test sample 

Ln Parallel length of notched test samples including the width 

of the notch 

Lt Total length 

Lu Final gauge length 

So Original cross-sectional area of test section 

Su Minimum cross-sectional area of test section after rupture 

A Percentage elongation after rupture 

Z Percentage reduction of area after rupture 

h hours ( number of hours for the test ) 

3. TERMINOLOGY 

3.0 For the purpose of this standard the following definitions shall apply. 

3.1 Test Sample — There are two types of test samples on which the 
rupture best is carried out. 

3.1.1 Proportional Test Sample ~~ A test sample of circular cross-section 
with a gauge length, having a specified relation to the square root of the 
cross-sectional area, that is, an original gauge length equal to 5'65\^So, 

3.1.2 Non-proportional Test Sample — A test sample having a gauge 
length not specifically related to the cross-sectional area. 

3.2 Gauge Length — The prescribed part of the test sample on which 
elongation measurements are made. 

3.2.1 Original Gauge Length {Lo) — The gauge length before the test 
sample is strained. 

3.2.2 Final Gauge Length (£-.) — The gauge length after the test sample 
has ruptured. 
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3.3 Stress 



3.3.1 For an unnotched test sample the load on the test sample divided 
by the original cross- sectional area of the parallel portion gives the stress. 

3.3.2 In a notched test samples the stress, referred to as the 'nominal 
stress' is the load divided by the initial cross-sectional area in the plane of 
minimum diameter, that is, at notch root. 

3.4 Percentage Elongation After Rupture (A) — The permanent increase 
in length L„—Lo of the gauge length expressed as a percentage of the 
original gauge length Lo is given by: 



Lo 

Note — All measurements being made at room temperature. 

3.5 Percentage Reduction of Area After Rupture (Z) — The maximum 
decrease of the cross-sectional area (So — Su) expressed as a percentage of 

(S —S^ 

the original cross-sectional area So, that is,-^^-^r; — ^^ X 100. 

3.6 Rupture — Complete fracture of the test sample within the original 
gauge length or at the root of the notch under constant load and under 
constant temperature. 

3.7 Time to Rupture — The total time at the test temperature and the test 
load between, the commencement of the test and the rupture of the test 
sample. 

3.8 Elastic Stress Concentration Factor (Kf) — For notched test samples, 
the ratio of the maximum axial stress calculated for elastic conditions to 
the nominal stress at the same load. 

3.9 Diameter of Test Sample at Root of Notch (dn) — The diameter of a 
notched test sample of circular cross-section in the plane of minimum 
diameter, that is, normal to the axis of the test sample at the notch root 
( see Fig. 2 and 3 ). 

3.10 Notch Root Radius (/•«.) — The radius of the profile of the notch 
root in a plane parallel to the axis of the test sample. 

3.11 Notch Angle (L) — The angle between the flanks of a V-notch, the 
flanfes being tangential to a circle of radius r„. 
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3.12 Minimum Parallel Length (£„) — The minimum parallel portion of 
the test sample required for satisfactory distribution of stress and tempera- 
ture at the notch. 

3.13 Notch Depth — The distance measured normally to the test sample 
axis from the outside of the parallel portion to the notch root, that is, 

~2 

3.14 Notch Construction Ratio — The ratio of the difference of cross- 
sectional areas of the parallel portion and at the notch root to the cross- 
sectional area of the parallel portion, that is, 

3.15 Notch Strength Ratio — It is a ratio obtained by dividing the nomi- 
nal stress required to rupture a notched test sample in a specified time, by 
the nominal stress required to rupture a plain test sample in the same time. 

3.16 Notch Rupture Life Ratio — It is the ratio obtained by dividing the 
time required to rupture a plain test sample loaded at the same stress. 

4. SELECTION AND PREPARATION OF TEST SAMPLES 

4.1 The selection and preparation of test samples and the location of test 
samples shall be stated in the materials specification or shall be as agreed 
with the inspecting authority. 

4.2 Care should be taken in the selection and preparation to ensure that 
the metallurgical structure and mechanical properties of the test sample 
are representative of the original test material. 

5. TEST SAMPLE 

5.1 General 

5.1.1 The cross-section of the parallel portion of the test sample shall be 
circular or rectangular except for strips cut longitudinally from tubes. 
There shall be gradual increase in cross-sectional area from the parallel 
length to the enlarged ends. Bars and wires may be tested in full section 
without machining ( see Fig. 1 to 5 ). 

5.1.2 The test samples shall be selected in accordance with the Tables 1, 
2, and 3. It is recommended that the largest practicable size of test sample 
be used. 
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Fig. 1 Test Sample of CrRcuiAR Cross-Section 
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Fig. 2 Notched Test Sample of Circular 
Cross-Section 
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ENLARGED VIEW AT X 
Fig. 3 Combined Notched and Unnotched Test Sample 
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Fig. 4 Test Sample of Rectangular Cross-Section 
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Fig. 5 Strip Test Sample CyT from Tube 
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5.2 Test Sample of Circular Cross-Section 

5.2.1 The cross-section of the test sample shall be circular and there 
shall be a transition radius between the gripped ends and the parallel 
length ( see Fig. 1 and 3 ). Except when the section size of the material 
precludes it, the original cross-sectional area shall be not less than 
12*5 mm^ 

5.2.2 Test sample sizes other than those given in Table 1 are permitted 
provided they comply with the relationship Lo=5*6$ ViSo that is Lo^Sd- 
If this relationship cannot be achieved, the gauge length shall be stated 
in the standard for the material, but in no case shall Lo be less than 3 times 
the diameter W of the test sample. 

5.2.3 For machined test samples which do not conform to the dimensions 
given in Table 1, it is recommended that the transition radii shall be 
approximately equal to the diameter of the test sample in case of wrought 
metals and cast steel and approximately equal to twice the diameter of 
the test sample in case of other cast metals. 



TABLE 1 DIMENSIONS OF TEST SAMPLES OF CIRCULAR 
CROSS-SECTION 



( Clauses 5.1.2, 5.4.3, 16.1.1 and 16,2.1 ) 



Cross- 


Dia- 


Minimum 


Minimum 


MtKiMUM Transition 


Sectional 


meter 


Gauge 


Parallel 




Radius, r 




Area 




Length 

(see 
Note 1) 


Length 














Wrought Metals 


Other Cast 










and Cast Steel 


MetaJs 


So 


d 


Lo 


Lci^S-Sd) 








(1) 


(2) 


(3) 


(4) 


(5) 




(6) 


mm 


mm 


mm 


mm 


tfitn 




mm 


100 


11*28 


56 


62 


10 




20 


50 


7-98 


40 


44 


8 




16 


25 


5-64 


28 


31 


5 




10 


12-5 


3.99 


20 


22 


4 




S 



Note 1 — The values of Lo are equal to 5*65 W^^ 

Note 2 — The ends of the test piece may be thtoaded to suit available adaptors 
provided the minor diameter of the thread is greater thau d, 

5.3 Test Samples of Rectangular Cross-Section 

5.3.1 The dimensions of rectangular cross-saction test samples given in 
Table 2 apply only for materials up to and including thickness of 10 mm 
( for thickness greater than 10 mm test samjiles of circular cross-section 
should be used ). Unless otherwise specified, the thickness of the test 
sample shall be the full thickness of the material, In all cases the width 
of the test sample, b^ shall be not less than its thickness, a ( see Fig. 4 ), 

10 
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TABLE 2 


DIMENSIONS OF TEST SAMPLES OF RECTANGULAR 
SECTION 




{Clauses 5.2, 5.3.1,5.3,3,5.4.1, 15.1.2, \6.1.2 and 16.2.2) 


Width 




Minimum Gauge 
Length 


Minimum Parallel 
Length 


Minimum 

Transition 

Radius 


b 

(1) 
mm 




Lo 
(2) 
mm 


£o( ^Lo+b ) 
(3) 
mm 


(4) 
mm 


12.5 
6 
3 




50 
24 
12 


63 
30 
15 


25 

12 

6 



5.3.2 Test samples having width other than those given in Table 2 
may be used and in such cases it is recommended that the minimum gauge 
length be not less than 4 times the width of the test sample and that the 
transition radius be at least twice the width of the test sample. 

5.3.3 Elongation shall be measured on the appropriate gauge length 
stated in Table 2, unless otherwise specified by the standard for the 
m.ateriaL 

5.4 Test Samples from Tubes 

5.4.1 Strips Cut LGngitudinally — The dimensions of the test sam.ples 
machined from strip should conform to the requirements given in Table 2 
( see Fig. 5 ). Only the ends may be flattened for gripping in the testing 
machine. ( For determination of cross-sectional area see 14.1 ). 

5.4.2 Lengths of Full Section — Tubes may be plugged at each end, but 
the length and shape of the plugs should be such that they do not inter- 
fere with free extension of the gauge length. 

5.4.3 Thick Tubes — For tubes having a thickness, «, greater than 7 rnm, 
it is recommended that a round test sample having dimensions conforming 
to the requirements given in Table 1 shall be used. 

6. PRINCIPLE OF TEST 

6.1 The test consists of maintaining a test sample at uniform temperature 
subjecting it to constant tensile load at that temperature until fracture 
occurs and determining the time to rupture and where applicable^ the 
rupture ductility of the test sample. 

6.2 Tests may be interrupted in the interests of obtaining data at intervals 
during the course of the test. Interruptions to testing may also occur in 
the interest of maintaining specified test conditions and can arise in multi- 
test sample testing as the result of the rupture of another test sample in 
the same loading system. Any variations of load or temperature outside 
the limits are restricted to the nearest minimum. 

7. TESTING MACHINE 

7.1 The test machine shall comply with the following requirements. How- 
ever, for the purpose of temperature measurement, the use of sensors other 
than thermocouples is permitted by agreement, 

11 
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TABLE 3 DIMENSIONS OF NOTCHED/UNNOTCHED TEST SAMPLE 






S 










{Clauses 5.1.2 and 15.1,2) 










Z 


Cross- 


Diameter 


Minimum 


Diameter 


Diameter , Plain 


Parallel Notch 


Angle 


Minimum Transition Radius 


5 


Sec- 


OF Test 


Parallel 


OF Parallel 


at Root End 


Length Root 


OF 


/ — 


_ -A. 


— ^ 


/— N 


tional 


Section 


Length 


Portion 


OR Notch 


Including Radius 


Notch 




Wrought Metals 


Other 


3 


Area 










Notch 






and Cast Steei 


Cast 
























Metals 




So 


d 


L,=Zo 


Dn 


Dn C 


Ln 


rn 


L 








v.^- 


0) 


(2) 


(3) 


(4) 


(5) (6) 


(7) 


(8) 


(9) 




(10) 


(11) 


■ 


inm^ 


mm 


mm 


mm 


mm mm 


mm 


mm 






mm 


mm 


SO 


100 


11-28 


56 


16*9i:0'03 


1I-28±0-03 4 


40 


032±001 


60±P 




10 


20 


s 


50 


7-98 


40 


11 -28 ±0-03 


7-98±0-03 4 


28 


0-23±0 01 


60±r 




8 


16 




25 


5-64 


28 


7-98±0-03 


5-64±0-03 4 


20 


016±0-01 


60±\° 




5 


10 




125 


3-99 


20 


5'64i003 


3'99±0'03 4 


14 


OlliOOI 


60±1° 




4 


8 





Note 1 — The values of Lo are equal to 565 w ^ 

Note 2 — Difference between cf and dn not to exceed O'Ol mm. 
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7.2 The testing machine shall be calibrated in accordance with IS : 1828- 
1975* or other relevant standards over the load range for which it is 
to be used and shall comply with the requirements of Grade A. The 
testing machine should be capable of applying the load to the test sample 
without shock. 

8. THERMOCOUPLES 

8.1 Manufacture 

8.1.1 The materials of thermocouples shall be of proven suitability 
for use at the test temperature and throughout the duration of the test. 
To ensure that the temperature of the thermocouple junction is not subs- 
tantially affected by the flow of heat along the wires, it is recommended 
that the dimension of wire be the smallest practicable size. 

8.1.2 The thermocouple shall be made from batches of wire that have 
been periodically calibrated over the working range against the recognized 
fixed points for thermocouple calibration or by comparison with a simi- 
larly calibrated and carefully maintained standard platinum/platinum- 
rhodium reference couple. 

8.1.3 Refuse of thermocouples is not recommended unless recalibration 
has shown the original temperature/emf relationship to be maintained. 

8.1.4 Rare metal thermocouples may be used for short time tests, that 
is for less than 2 000 h without intermediate recalibration but shall be 
annealed. They shall be recalibrated, if they have been used a number of 
times. When tests exceed 2 000 h, annealing and also recalibration may 
be necessary at the end of each test. It is recommended that thermo- 
couples be recalibrated in situ or at immersion depths similar to operating 
conditions. 

8.1.5 Thermocouple junctions shall make good thermal contact with the 
surface of the test sample and shall be suitably screened from direct 
radiation from the furnace wall. The remaining portions of the wires 
within the furnace shall be screened and completely insulated by a suitable 
covering, 

8.2 Location of Thermocouples 

8.2.1 In single test sample testing machines, three numbers of thermo- 
couples shall be used for test sample having a parallel length of 50 mm or 
greater and not less than two thermocouples for test samples having 
parallel length of less than 50 mm. 



♦Method for load verification of tensile testing machines ( first revision ). 

13 
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8.2.2 For MultUTest Sample Machines — A thermocouple may be attach- 
ed at the mid-point of the parallel length of each test sample. Alter- 
natively in multi-test sample testing machines, thermocouples may be 
located at appropriate positions within the furnace, provided that tempera- 
ture surveys along the test length of test sample show that the temperature 
complies with the requirements of Table 4. 

9. HEATING AND SOAKING OF TEST SAMPLE 

9.1 The heating period shall be between one to four hours, in order to 
bring the temperature approximately to the required test temperature. 
Precaution shall be taken to avoid heating beyond the desired temperature. 
On initial heating of the test sample from room temperature to that test 
temperature, the combined heating and soaking time should not exceed 
24 hours of which at least 1 hour shall be at the required test temperature. 

9.2 For tests on certain materials, at temperatures for which even short 
soaking time may significantly after the structure or high temperature 
strength, it is recommended that the heating and soaking time be as short 
as practicable. 

9.3 In interrupted tests, the cumulative time at which any test sample is 
under heating and soaking conditions that is unloading shall be kept to 
a minimum. 

10. TEMPERATURE CONTROL AND MEASUREMENTS 
10.1 Temperature Control 

10.1.1 While attaining the test temperature and prior to applying the 
load, or throughout the duration of the test, the temperature at any 
point within the gauge length of the test sample shall not deviate or 
exceed the specified temperature by more than the value given in 
Table 4, unless otherwise specified in the standard for the material. 

10.1.2 The mean temperature shall normally be controlled within limits, 
much closer than those stated in Table 4, since these limits are intend- 
ed to allow for variations in temperature which may occur. It is recog- 
nized that the temperature fluctuations outside these limits may occur, 
which may not necessarily invalidate subsequent results. 

10.1.3 Closer control of temperature may be required for testing certain 
metals at temperature at which the creep-strength is markedly dependent 
on temperature, and also where it is known that temperature variations 
affect the functioning of the extensometer. In such cases, any altera- 
tions to the limits in Table 4 shall be decided by agreement. 

14 
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TABLE 4 


TOLERANCE ON TEST TEMPERATURE 


( Clauses 


8.2.2, 10.1.1, 10.1.2 fl«^U.5.1) 


Test Temperature 




♦Tolerance on Test Temperature, **C 


Over 10 h and Over 100 h 
Up to lOOh 


Up to and including 600 




±2 ±3 


Over 600 up to and 
including 800 




±2-5 ±4 


Over 800 up to and 
including 1 000 




±3 ±6 


*The tolerances include the allowable deviations from all sources. 



10.1.4 For temperature greater than 1 000^ C the permissible variations 
shall be by agreement- 

10.2 Temperatuce Measurement 

10.2.1 Temperature measuring equipment with a sensitivity of 0*5° C 
shall be used to indicate the temperature of the test sample. 

10.2.2 In general not less than three thermocouples, evenly spaced 
along the gauge length shall be used. 

10.2.3 A continuous record of the temperature shall be made, or 
sufficient measurements of the temperature taken to indicate that the 
temperature requirements have been comphed with, throughout the test. 

11. LOADING OF TEST SAMPLES 

11.1 The full load shall be applied to the test sample without shock and 
precautions shall be taken to ensure that the load is applied to the test 
sample as axially as possible. The apphed load shall be maintained 
throughout the duration of the test, within 1 percent of that specified. 

11.2 Depending on the material and the test conditions, the effects of 
rate of loading may be significant. To get comparable results the rate 
of loading for each type of material shall be approximately the same 
for all tests. The ratio of loading or the total time for the appHcation 
of the load shall be recorded. 

12. ASCERTAINMENT OF PROPERTIES 

12.1 Measurement of Time to Rupture — The actual time required to 
rupture shall be measured to an accuracy of + 1 percent. 

15 



IS : 3407 ( Part 2 ) - 1983 

12.2 Measurement of Rupture Ductility 

12.2.1 General — The measurements may be made when the test sample 
is cooled down to room temperature. While measuring rupture ductility 
precaution shall be taken to ensure proper contact between the broken 
parts of the test sample. More care shall be taken while measuring 
small test samples and test samples having low ductihty values. To faci- 
litate the measurement, a jig shall be used which will enable the broken 
pieces to be mated axially at the point of fracture. 

12.2.2 Measurement of Percentage Elongation — The value {A) shall be 
calculated as follows: 

^ Measured extension -«„ 



Parallel length 



X 100 



Lo 

Lo and Z„ ( see 2.1 ) shall be measured to an accuracy of i 1 percent. 

Note — The correct value of the percentage elongation may not be obtained 
unless fracture of the test sample has occured at a section situated within the 
middle third of the parallel length. 

12.2.3 Measurement of Percentage Reduction in Area — The value ( Z ) 
shall be calculated as follows: 

^^ So-Su XIQO 

13. PRESENTATION OF TEST REPORT 

13.1 The test report of each test shall include the following: 

a) Type of testing machine; 

b) Relevaiit details of materials under test and the identity of the 
test samples; 

c) Original dimensions and gauge lengths of the test samples; 

d) ■ Test temperature; 

e) Approximate time to reach the test temperature and the soaking 
time prior to loading; 

f) Stress applied; 

g) Rate of loading or the time taken to apply the load; 

h) Time to rupture or the duration of the test if it is terminated 
before rupture occurs; 

j) Number, duration and time from the commencement of the 
test of any interruptions and deviations in load/or temperature, 
during the test; 

k) Percentage elongation after rupture and the method of measure- 
ment; 

m) Percentage reduction of area after rupture; and 

n) Position of the fracture, if outside the middle third of the 
parallel length and any unusual features in its appearances* 
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14. NOTES AND RECOMMENDATIONS 

14.1 Measurement of the Cross-Sectional Area 

14.1.1 Test Samples of Circular Cross-Section — For the purpose of 
calculating the cross- sectional area, the diameter shall be measured to an 
accuracy of 0*01 mm. 

14.1.2 For the purpose of calculating the cross-sectional area, of test 
samples of rectangular section and strip test samples cut longitudinally 
from tubes, the width and thickness shall be measured to an accuracy of 
0.01 mm, except for thickness less than 25 mm which shall be measured 
to an accuracy of 02 percent. The cross-sectional area of a curved strip 
test piece having parallel edges is then calculated as follows: 

5.=a6 (l+ f X^J or 

So=ab according to the accuracy required. 

14.2 Measurement of Original Gauge Length ( Interrupted Tests ) 

14.2.1 For the purpose of measuring the elongation, it is recommended 
that reference marks defining the original gauge length shall be located 
on the parallel portion of the test sample. 

14.2.2 If this is not practicable, it may be expedient either to use 
reference marks on the enlarged ends, in which case the marks should be as 
near as practicable to the transition radii, or to use measurements of 
overall length between machined faces of the test sample. The result of 
this method gives the elongation, which may be influenced by the contribu- 
tion of the transition portion of the test sample ( between parallel length 
and shoulder ). The magnitude of this contribution is not accurately 
known. 

14.2.3 Greater accuracy may be ac hieve d by using longer gauge lengths, 
that is gauge length exceeding 5^5 a^ So. For these tests no upper 
limit is placed on the actual gauge length, provided that, where an exten- 
someter is not used, the requirement specified in 12.2.2 can be met. 

14.2.4 By prior agreement between the contracting parties, one of the 
following dimensions may be used as the gauge length Xo: 

a) The ^equivalent elastic gauge length', that is, the parallel length 
which would give the same elastic extension as that measured ex- 
perimentally by an extensometer attached to the reference marks 
on the enlarged ends of the test sample. 

b) The parallel length. 

c) The overall length measured over the ends of the test sample. 

d) The actual dimension between the reference marks on the 
machined ends of the test sample. 

17 
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14.2.5 When gauge length Lo is agreed to as given in 14.2.4 (a), (b), (c) 
or (d), it is recommended that: 

a) the transition radius from the parallel length shall be approxi- 
mately djl for circular test samples and bjl for rectangular test 
samples. 

b) the area of the cross-section of the enlarged ends shall be at 
least 50 percent greater than that of the minimum cross- 
sectional area of the test sample. 

14.3 Temperature Measuring lostruments — The temperature measuring 
instruments shall have a sensitivity of 0*5*^C or better. The instruments 
shall be calibrated over the working range at intervals not exceeding 1 
year and the errors shall be recorded on the calibration certificate. Any 
instrument for measuring cold junction temperature shall be accurate to 
within O'l^'C. 

14.4 Extension Measuring Instruments for Interrupted Tests — Instruments 
for measuring extension shall be calibrated at intervals not exceeding 1 
year and the errors recorded on the cahbration certificate. 

14.5 Apparatus for Heating and the Control of Temperature — The appara- 
tus shall be capable of raising the temperature of the test sample and 
maintaining it at the test temperature within the limits specified in Table 4. 

15. GENERAL REQUIREMENTS OF TEST SAMPLES 

15.1 These requirements shall be applicable for Tables 1, 2 and 3. 

15.1.1 The ends of test samples may be threaded to suit available 
adaptors, provided the minor diameter of the thread is greater than d or 
dn as appropriate. 

15.1.2 The common requirements in Tables 2 and 3 have been selected 
with a view to discriminate between materials commensurate with ease 
of test piece manufacture and giving an elastic stress concentration 
commonly encountered in practice. Test samples which comply with the 
requirements of Tables 2 and 3 have an elastic stress concentration factor 
{Ki) of approximately 3*9. 

15.1.3 For many materials, normal machining procedures affect the 
properties of the material at the root of the notch. It is therefore extremely 
important that only very light forces are applied during the finishing 
process. Notch contours should be checked by optical projection methods. 
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16. TOLERANCES 

16.1 Parallelism 

16.U The parallel length shall not vary in diameter by more than 
0'03 mm, in case of circular cross-section test samples ( see Table 1 ). 

16.1.2 The parallel length shall not vary in width by more than 0'03 mm, 
in case of rectangular cross-section test samples ( see Table 2 ). 

16.2 Co-axiality 

16.2.1 The gripped ends of the test piece shall be co-axial with the 
parallel portion within a concentricity tolerance of +003 mm, in case of 
circular cross-section and notched and unnotched test samples ( see Tables 
1 and 3 ) 

16.2.2 The width at the gauge length shall be symmetrical about the 
axis joining the centres of the locating holes within a tolerance of ±0 03 
mm, in case of rectangular cross-section test samples ( see Table 2 ). 



19 



rNTERMATlONAL SYSTEM OF UI^JTS (SI UNITS* 



Bvs^ Unit* 






Ou^nuty 


UnM 


$|rjn^ft^ 


iMnr&ih 


mfttro 


Itl 


Ma^ 


kllagfam 


ka 


Tima 


■«Diiid 


■ 


Electric currffnl 


■mpate 


A 


rhsrrnodYnamte 


ketvlfi 


K 


Sfl.mpef#tura 






LymlfKius intOMElV 


candftlfl 


g4 


AfTiDunt 0t ■ubstanci 


mole 


mol 


SupplQfnei^tarf Unlti 






OtfffKftF 


U^ii 


Symb^ 


Poland ar>g(a 


ladian 


fBd 


Soid Angle 


tttflradi«n 


m 


Dvrhmd Unltt 






OiiBfiilfy 


diwf 


Svmbot Oaftnitfon 


Fdrea 


n«wion 


N 1 N = 1 htl.lTljE« 


Crier^ 


louiTt 


J 1 J - 1 K.m 


Piswer 


wad 


W 1 W » 1 J/1 


Rux 


weber 


Wb 1 Wb ° 1 V.a 


FfuM ^entri^ 


tfil^lB 


T t T - 1 Wb/iri* 


Freqy#ncy 


Jiafi/ 


Hz 1 Hi « 1 c^i (!-') 


diiclrle donductancfl 


ijemani 


3 1 S - 1 A/V 


ElectromotivB f prdd 


VDll 


V 1 V - 1 W/A 


Pr«Mur«. atmi 


paa^^r 


Pli 1 Pa - 1 N/m» 


■ INDIAN STANDARDS 


INSTITUTION 


Manik ShavA^, 9 B«ritdur Sh^ 2afar Merg. NEW DELHI 110 002 


Tolni^hanes i IB 60 21. 27 01 31 




TolBorama ; M«nBkssn&tha 


NBgloit^i Offi^BS>' 




TstaphQRB 


Wsitem ; Nowlty Chambait. Gr*nt Road 


eOM BAY 400007 89 06^8 


EflKiciffi : b ChDvirrinBtta* Appicwch 


CALCU 1 1 A 70OO77 27 EO BO 


Soythsm ; C. 1. T, Cempui 




MAPRA5 600113 «1 24 42 


NarUhQrn : B^9. fhm^ ^H 




S,A,S. NAGAR » TS 28 
(IVtOHALl) ^90051 


Sfun^ Qff^^mM 






'PuEhmk\ HmmQh&nmi ShAikh M 


urd. Khenpur 


AHMADABAD 3^0001 2 03 SI 


'F' Block. Unitv 3(dg, Marasimhiiri.|ii Square 


eaNGALO«ie 640002 22 46 05 


G^ngotrrCornpieiL, Qhadbhada Road. T.T. Wagar 


BHOPAL 4B2003 6 27 10 


2^E KaJofina Afiaa 




BHUBANtSKWAR 751014 6 36 27 


E'B-5lflC L. N. Gupta Mirg 




HYDERABAD 6O0OO1 2Z 10 83 


RJ4 VifdnistQif IVlanj, C Sqhan^o 


" 


JAIPUR 30200B 6 9& 32 


117/418 B Sarvodflyflt Nagpr 




KANKUR 20e006 4 72 92 


Patlluuira liiduilriipF lE^ldia 




PA IN A S0Q013 8 £8 d^ 


Hantex Btdg{2rid flooih B(y Station Flr^ad 


T RIV AN D H U M 69B001 32 27 




Prlritad hi S. C. Sharmi Printort. New DaEhk. indit 



